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N modern engineering production the dimensions of components 
I must conform to an appropriate system of limits and fits, and 
the quality of surface must be such as to insure the necessary 
resistance to wear and reduction of friction. Fits and limits deter- 
mine the degree of accuracy necessary to secure the requisite inter- 
changeability of components. The fineness of the allowances depends 
on the requirements of the various departments. The range of 
such allowances is indicated in the accompanying table.* 





ALLOWANCES FOR USE IN VARIOUS DEPARTMENTS 





| 
Allowance 
Department Purpose Inches 





Gauge control room. For use with fine optical or | — 0.00002 
mechanical instruments. 
Tool room gauge inspection | For checking gauges in | — 0.00003 


department. course of manufacture. 
Machine shop gauge stores. | For observing condition of | — 0.00005 

gauges. 
General gauge making | For setting snap gauges, etc. | 
room. 
Final inspection of tools | For checking gear centres, | 
and fixtures. slots, etc. 
Jig boring department. For accurate setting of work | 
tables. 





0.00008 

0.00010 

0.0002 
Up to 


Fitting and grinding de- | For jig setting and micro- | — 0.0003 
partment. | meter checking. 











| 





The quality of surface finish, depending upon the purpose for 
which the work is intended has been greatly improved during recent 
years. The ridges on the surfaces of finished pieces are now generally 





* Symposium of papers on machine tool practice, Inst. of Mech. Eng 
January 20, 1939, T. Curson. 
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finer than the tolerances in dimensions which depend thereon. 
** Accurate ”’ and ‘“‘ most accurate ” fits and limits (B.S.I. No. 164 
of 1924), cannot be separated from fine and superfine surfaces. 
There is therefore a necessary relation between fits and limits and 
surface finish. The heights of the ridges of ground and fine lapped 
surfaces vary between 0.0001 and 0.000002 in. (100 to two micro 
inches). 

In this article will be considered the refinements of fits and limits, 
the possibilities of accurate measurement, the character and range 
of the necessary instruments, direct reading and estimation of 
fractions of divisions, and the formule for calculating the degree 
of magnification. The measuring system may be based on— 


(1) Mechanical means, involving the use of a screw, lever, 
gear, or spirit level. 

(2) Optical means, employing one or more lenses for the purpose 
of magnification. Instruments in this group include the optical 
comparator, the ultra-optimeter, the projector, the telescope and 
target, the telescope and collimator, and the auto-collimator, with 
block reflector and opical square. 

(3) Micro-comparator gauges comprising mechanical optical 
apparatus, electro-limit gauges, the photo-cell precizer, the pneu- 
matic micrometer. 

(4) Methods of “active” calibration. 


Most allowances given in the accompanying table are much finer 
than the sense of sight or touch can distinguish. Consequently, 
methods of magnification are necessary by which the measurement 
of deviations by comparison with a standard or a scale may be made. 
Such deviations from a prescribed standard can be either read or 
felt, or both. For instance, we feel with snap or plug gauges if the 
finished dimension is correct. The snap gauge ought not be to forced 
over the piece, but should pass over by its own weight. Rough 
treatment can spoil the snap gauge at its first application. The 
actual dimension is given by the fixed opening of the gauge. 

The ordinary micrometer screw is operated by touch and a visual 
reading is obtained. Ordinarily the accuracy is within + 0.0001 in. 
(0.0025 mm.), and the range of the screw is up to lin. The 
result depends upon the torque applied to the screw which may be 
turned directly or through the ratchet stop. This ratchet stop is no 
more sensitive than the fingers of an experienced user. It serves, 
however, to limit the torque applied so that many operators can 
use the same micrometer and obtain the same readings. Magnifica- 
tion of micrometer readings can be obtained by employing the 
differential screw principle developed by the N.P.L.t In this design 
as shown in Fig. 1, two differential screws of relatively coarse pitch 





+ c.f. F. H. Holt, ‘‘ Gauges and Fine Measurement.”’ 
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are incorporated whereby the accuracy of the reading is considerably 
increased. In the figure, the larger screw A has 20 threads and the 
smaller one 25 threads per inch. Both are right-hand. 

The screw A is engaged by a fixed nut at the right-hand end of 
the barrel B, while the finer thread screw passes through a nut 
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Fig. 1.—Sectional view of the N.P.L. differential screw micrometer. 


secured in the follow plunger C, the exposed end EF of which forms 
one of the measuring anvils. The spring maintains contact between 
the micrometer screw and the two internal threads. The net move- 
ment of the plunger is */,>—*/,, = 0.01 in. for a complete rotation 
of the screw. The edge of the thimble D attached to the screw is 





4 























Fig. 2.—-Diagram illustrating the principle of the single multiplying lever. 
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graduated in 100 divisions, each representing 4/199 X 1/199 = 0.0001 
in., the distance separating adjacent lines being about 0.04 in. 
(equals one mm.). The magnification is 400 as compared with 
about 60 for an ordinary micrometer having 40 threads per inch 
and a thimble of about 4 in. diameter. The travel of one inch of 
the main screw moves the plunger only 0.2in. The total range 
of the instrument is therefore considerably limited. 


Lever Type Indicators. 


In the lever type indicator only one double-armed lever should 
preferably be employed with one pivot. The use of several levers 
should be avoided. The errors due to clearance, play, deviation 


























Fig. 3,—Part sectional view of a tubular type indicator with lever and segment 
and pinion magnification. 

from parallelism of several axes, difficulties of transferring the 
measuring forces from the one lever system to another, and deflection 
of the longer arm, combine to make the multi-lever system objection- 
able. 

Fig. 2 shows the usual single-lever system and its fault. A straight 
line displacement corresponding to the error in the length of the 
piece, causes an angular displacement of the reading pointer. 


If the ratio of the lever arms be = and arc OX =X be the 
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circumferential displacement of the pointer, then the magnification 





; OX R. ‘ a . 
sk= —— = — = The coefficient k depends on the ratio 
l r.sina 
a . . 
and increases with the angle a. 
SID a 


Theoretically, this variation can be taken into account by provid- 
ing unequal graduations, but in practice only a uniform division is 
satisfactory. 

Thus, the use of this simple magnifying instrument is limited to 
small angles g or small differences of length about #/,, in. = 1.6 mm. 

















Fig. 4.—-Tubular indicator employed in connection with internal thread cutting. 


A single lever indicator of the tubular type is shown in Fig. 3, 
and in Figs. 4 and 5 it is seen mounted on a lathe for use in connec- 
tion with the cutting of external and internal threads respectively. 

The total length of the instrument is 4 in. and the ground tube 
is lin. in diameter, the standard range is + 0.05 mm. to + 0.1 
mm. (+ 0.002 in. to + 0.004 in.), and the readings are 0.005 mm. 
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and 0.01 respectively (0.0002 or 0.0004 in.). The divisions are 1.8 
mm. (0.07 in.) apart. The measuring pressure is constant at 2.5 oz. 
(70 grams). This small force is possible because the gearing is almost 
frictionless. In addition to the lever the magnifying mechanism con- 
sists of a toothed sector, which engages a small pinion to which the 
pointer is attached. The sector is mounted between pivots and 
endwise motion of the measuring plunger in its well-fitting bush 
causes the sector to turn and transmits the motion to the pointer. 
A small leaf spring maintains contact between the sector lever and 
the top of the plunger, eliminating backlash. In addition the plunger 
is pressed downwards by light springs under the collar. 
































Co 
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Fig. 5.—Tubular indicator employed in connection with external thread cutting. 





Indicating Comparators. 


The Zeiss passameter indicating comparator for external dia- 
meters, Fig. 6, and the passimeter for internal bores, Fig. 7, are 
portable instruments. 

The bow frame of the passameter has two anvils, the one on the 
right being fixed, and the other movable. The position of the latter 
is recorded on a scale by a pointer which is operated through a 
magnifying mechanism, similar to that in Fig. 3. 
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The scale of the intrument has 40 divisions on each side of the 
central zero, each representing 0.002 mm. (0.0001 in.). Two inde- 
pendent red marks can be set to indicate any desired limits. The 
working pressure between the anvils is of the order of 12 oz. 
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Fig. 6.—Part sectional view of the Passameter external indicating gauge. 


Gauges are available with ranges from 0—18 mm. (0—? in.), 
18—40 mm. (?in. to 1.6in.), up to 120—150 mm. (4.75—6 in.). 
The range of the pointer is + 0.08 mm. (+ 0.003 in.). The magni- 
fication is about 300, and the permissible error in the. instrument 
+ 0.001 mm. (+ 0.00004 in.). 













rr, 














Fig. 7.—Part sectional view of the Passameter internal indicating gauge. 


The Zeiss passimeter gauge ‘ or comparing internal diameters, as 
shown in Fig. 7, has three contact points, two of which are rigid, 
and the third movable. The latter operates through a lever and a 
magnifying system to a pointer which records against a scale as in 
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the case of the passameter. The measuring buttons are interchange- 
able to cover the ranges 32 to 50 mm. (1} in. to 2 in.) or 52 to 80 
mm. (2in. to 3$in.). The reading is 0.002 mm. (0.0001 in.) per 
division. The range of the lever is + 0.06 mm. (+ 0.0025 in.) and 
the permissible error in the instrument is + 0.002 mnr (+ 0.00008 
in.). 


Hirth Minimeter. 


The Hirth amplifying mechanism, shown in Fig. 8, which operates 
on the lever principle, employs a block A between two offset knife 
edges. The upper knife edge B is held between the block A and the 



































Fig. 8.—Sectional view showing the minimeter amplifying mechanism. 


fixed V-block D, whilst the lower one C is formed by the top of the 

measuring plunger Z. If the latter is moved upwards, the block 

is tilted and the amount of movement of the plunger will be indicated 
, ie ree 

on the scale. The magnification is equal to the ratio 3 where 


/ is the horizontal distance between the two knife edges and L is 
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the length of the lever from the upper knife edge to the scale. There 
are no pivots, no bearings, no oil-film which might influence the 
results and no play. The range depends on the magnification. If 
the scale has 20 divisions, each 0.005 mm. (0.0002 in.), the range 
is 0.1 mm. (0.004 in.). If the divisions are 0.0025 mm. (0.0001 in.), 
the range is only 0.05 mm. (0.002 in.). The maximum height of 
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Fig. 9.—Sectional view of dial indicator in which the plunger movement is 
magnified through gearing. 
work admitted when the instrument is used in conjunction with the 
standard base and pillar is 6 in. 
We understand that a number of engineers’ measuring instruments 
of British manufacture are in an advanced state of development, 
and should be on the market in the near future. 


Dial Indicators. 
Magnification by gears is used in the dial indicator shown in 
Fig. 9. The plunger stroke ranges from } in. to 3 in. (6to 12 mm.). A 
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rack cut on an extension of the measuring plunger actuates a train 
of gears ending with a pinion which carries the pointer. Hair and m 
tension springs serve to take up backlash. The tension spring norm- 

















Fig. 10.—Rigid tubular support for dial gauge. 




















Fig. 11.—Diagram illustrating the calculations for sensitivity and calibration 
of precision levels. 


ally keeps the plunger in the fully extended position. An additional 
revolving pointer is fitted, which records complete revolutions of the 
main pointer. 
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Each division represents 0.005, or 0.001, or 0.0001 in. The 
magnification is about 800 for the finest measurements. 


The usefulness of the dial gauge is related to the stiffness of the 
supporting arms. The use of tubes not less than { in. in diameter 
is recommended, wherever possible. For numerous trammel-read- 
ings, a tube of 34 in. diameter and } in. thickness of wall can be 
employed as seen in Fig. 10, which virtually eliminates the natural 
sag and deflection due to the spring pressure on the feeler, which 
varies between 2 0z. and 6 oz. 


The Spirit Level. 


A good spirit level is a very simple and sensitive magnifier. The 
angular elevation a of the base determines the movement of the 
bubble in a tube the bore of which is in the form of an arc of a circle 
of radius R, as seen in Fig. 11. 


The deviation of any plane is measured in comparison with the 
horizontal plane represented by the central position of the bubble. 


If h = the difference of height to be measured. 
R = radius of curvature of the level. 
L = the reference length ab. 


t displacement per division of the bubble in inches (mm.) 
or fractions, then the magnification figure is— 


a. from tan « = eae 

Ce. ee 
If h = 0.0004 in. = 0.01 mm. 

t = 0.lin. = 2.5 mm. 

= 0.1 — 1000 — 250. 


h 0.0004 = 4 
The elevation refers generally te a certain reference length L, for 
example 1 ft., 3 ft., and one metre. Thus, the elevation may be 
given as 0.0005 in. per foot, 0.0015 in. per yard (3 ft.), 0.04 mm. per 
metre, and this must be taken into account in the calculation and 
for the determination of the radius R of the curvature of the tube. 


If ‘ = 250 then : = 250 also. If ZL is selected as 3 ft = 36 
in., or one metre = 39.3 in. 
then R must be 250 x 3 = 750 ft. radius, 

or R must be 250 x 1 = 250 metres. 


Generally good levels, suitable for the workshop, having sufficient 
accuracy and providing for quick damping, will record height 
differences of 0.0005 in. per foot or 0.04 mm. per metre. 


327 











THE INSTITUTION 





OF PRODUCTION ENGINEERS 


As thesensitivity of the spirit level is generally indicated in seconds 
it is necessary to convert lengths in inches into seconds of are by 


the following formula— 
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Fig. 12.—Diagrammatic sectional view of the Cooke, Trought & Si 
optical comparator. 


Height difference in inches per foot x 180 x 60 x 60 











us 


= seconds. 


Thus for the values given above— 


0.0005 x 180 x 60 x 60 ™ 
———— = 8.6 seconds 
2X - 





or (metric)— 
0.04 x 180 x 3,600 





= 8.2 seconds. 


1,000 X x 
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Optical Measuring Apparatus. 


The optical comparator by Cooke, Troughton & Sims shown in 
Fig. 12 employs a combination of mechanical and optical levers 
and does not depend on the touch of the operator, who has only 
to pass the work under the plunger and observe on a translucent 
scale A, the position of a green disc of light carrying an indicating 
line across its centre. Even prolonged use of the instrument will 



































Fig. 13.—Diagram showing the magnifying system of the ultra-optimeter. 


not cause eye-strain. Differences from a standard of 0.0001 in. 

: = 0.1i f 
10,000 = V.1 IN. O 
the green dise of light. The scale is divided to 0.0001 in. over a 
range of 0.006 in., representing a total movement of the green disc 


are represented by a movement of 1,000 x 
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of 6in. The total magnification of 1,000 is obtained (1) by an 

. 5.8 : 6 as 
optical lever Olle = 50; (2) a mechanical lever 067 10; (3) 
effect of reflection, 2:1 ;50 x 10 x 2 = 1,000. 


The bearings of the mechanical elements eliminate any tendency 
to lag. The vertical movement of plunger is approximately 3 in. 
which extends the scope of the instrument for dealing with parts, 
having grooves or depressions in which readings must be taken. 
Parts up to 6 in. high can be tested. 


The source of illumination of the green disc is a standard four-volt 
bulb B supplied with current either from a dry cell or accumulator 
or through a transformer for use on alternating current mains at 
200 to 250 volts. 
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Fig. 14.—Diagram imusewating, ¢ the formula for the magnification obtained with 
the ultra-optimeter. 


The characteristic feature of the ultra-optimeter, the principle 
of which is illustrated in the diagrams, Figs. 13 and 14, is the double 
reflection of a beam of light whereby a considerable magnifying 
effect is obtained. Movement of the image of a scale as observed 
in the eye-piece results from the tilting of the mirror A, Fig. 13. 
This tilting is caused by the up-and-down movement of the feeler 
pin B depending upon the height of the work surface. 

The light from the miniature bulb C first passes through a green 
filter, and is then projected by a condenser lens D on to a graticule 
E provided with a precision scale, which lies in the focal plane of the 
objective F. The light beam projects the image of the scale on to the 
tilting mirror A, whence it is reflected to the mirror G—back to the 
mirror A and thence into the objective H. On passing through this 
objective, the rays are focused in the plane K common to this 
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objective and the ocular L. Located in the focal plane K is an index 
line on a second graticule plate, which can be adjusted by means of a 
knurled head for convenience in setting to@ero. The zero setting 
is, therefore, effected at the non-sensitive end of the system. With 


this arrangement, the images of the index and scale appear together 
and are magnified by the ocular. 


The tilting mirror A rests on two spherical ain points M 
and on the upper spherical end of plunger B. The contact tip at 
the lower end of this plunger bears on the work in position on the 
table VN. Any difference in the thickness or height of the work above 
the table causes the plunger B to move vertically and thus tilt the 
mirror about the bearing points M. In accordance with this angular 
movement of the mirror, the scale image is shifted relative to the 
index line in the focal plane K. 


The magnification can be calculated approximately by the follow- 
ing formula. Referring to Fig. 14— 


OX, = 2h. tan (a + 26) + H. tan (a + 44). 
OE, = 2h .tan a + A. tan a. 


Oox,—OX, OX,—OX, 











Magnification = ae ee ax M. 
1 
M = ixXten¢ 
2h . sin (a + 24 —a) . sin (a a4 b — a) 
cos (a + 24) X COSa cos (a +4 o) COS a4 


2h.sin2¢g + H.sin4¢ 
L.tan ¢. Cos? a 


4h.g +4H.6  4(h+H) 
l.tang cos*a  1.cos? o 
very small). 


Let > = 501, H = 5501, a = 45 deg. 
then M = a = 4,800. 

Readings can be made direct to 0.00001 in. or 0.0002 mm. and 
by estimation to 0.000005 in. or 0.0001 mm. The range of the scale 
is + 0.00325 in. or + 0.083 mm. The ultra-optimeter is a very 
accurate comparator, and is particularly suitable for checking slip 
gauges. Owing to the unusual sensitivity of the intrument it is 
desirable that the slip gauges should not be touched by hand. Covers 


M = 





M = 








(p> = tan ¢, because ¢ is 
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in front and at the sides protect the instrument from temperature 
changes due to the proximity of the operator. 

The Taylor, Taylor & Hobson profile projector shown diagram- 
matically in Fig. 15 permits of comparing the magnified form of 
any finished piece such as a gauge or tool with a large scale templet 
or drawing. 

A beam of light from the lamp house at A passed through the 
collimating condenser lens B and illuminates, by collimated light, 
the profile of the work C to be examined which is supported on the 
table D. Thence the beam passes through a projection lens Z which 























Fig. 15.—Diagram illustrating the principle of the Taylor, Taylor & Hobson 
two-hundred profile projector. 


forms an image of the profile, and is reflected upwards by an inclined 
mirror F on to an overhead mirror G. Finally the magnified image is 
reflected down on to the horizontal screen H. 

Beneath the horizontal screen are three control wheels K, L, 
and M. These serve for focusing and positioning the work. They 
are duplicated on the far side of the screen and are readily accessible. 
The operator can thus accurately control the focus and position 
of the image without leaving his position at the screen. 

To,ensure accurate collimation of the light beam for illuminating 
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the work field, special pre-focused lamps must be employed. This 
is essential in order to obtain sharply defined images of bodies having 
appreciable thickness. 

It will be apparent that when oblique objects, such as screw 
threads, are to be projected, the required tangential incidence of 
the light rays can only be ensured by inclining the collimated beam 
relative to the focal plane of the projector lens as seen in Fig. 16. 

If this inclination be equal to the helix angle of the screw, then 


. Ye 

Projection Lens \ \ \ 

Axis Normal to \\ \ \\ 

Screw Axis \ \ \ \ 
\ \ \ \\ 
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Tangential bo Section \ \ \\ 
at Focal Plane Vi \ \h 











Fig. 16.—Diagram showing how a parallel light beam inclined at the helix 
angle is used for thread projection. 

the light will strike the object tangentially at the section between 
the focal plane and the surface to be projected, providing a sharp 
image. 

The No. 5 lens combination in the table herewith makes provision 
for this displacement of the light source and permits of inclinations 
up to six deg. 





RANGE AND MAGNIFICATIONS OF THE TAYLOR, TAYLOR & HOBSON 
Two HUNDRED PROFILE PROJECTOR 





Dia. of work 





No. Magnification field Inches Remarks 
l 100 0.625 For the projection 
2 50 1.2 of profiles. 
3 30 2.0 ° 
4 20 3.0 








5 wae ee 50 0.5 For screw threads. 
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The profile projector is of considerable value to comparing, for 
example, a hardened and ground gear cutter with the original 
large-scale drawing, so that any errors introduced at intermediate 
stages are detected. The sequence of operations is as follows— 


(1) The gear profile is drawn 20 times full size. 

(2) A soft steel template is made. 

(3) The relieving tool is machined from this template by means 
of a pantograph mechanism. 

(4) The relieving tool is hardened and ground. 

(5) The gear cutter is backed off in the soft condition. 

(6) The gear cutter is hardened and ground. 


Obviously these six complicated operations introduce many 
sources of error. The projector compares stage (1) directly with stage 
(6). If the tool is a complicated multiple one, such as the cutter-head 
for a spiral bevel gear cutter, Fig. 17, each of the 20 cutter bits can 
be readily checked, when set up in the head ready for use, for shape, 
adjustment, concentricity, and height in relation to the body. 


























Fig. 17.—Cutter head for Gleason hypoid gear which may conveniently be checked 
with the aid of the profile projector. 


Optical Alignment Tester. 


The telescope and target method, illustrated in Fig. 18 is used 
for (1) testing the flatness of ways and bed plates ; (2) testing the 
alignment of crankshaft bearings (for steam, gas, and Diesel engines, 
blowers, and pumps), turbine propeller shafts, and machine tool 
spindles ; (3) testing the straightness of the beds of large lathes. 
plano-milling, grinding, and planing machines ; (4) precision level- 
ing in the erection of large machines (housings, foundations, etc.). 

The principal advantage of the optical alignment tester is that 
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lateral and vertical errors can be directly determined in fractions 
of an inch (or millimeters) at one setting, as the target is moved 
between its extreme positions E and F. Because the telescope forms 
a real image by convergent rays, it is necessary to focus it very 
accurately, according to the distance of the target at each position. 
Focussing is carried out with the aid of a movable lens within the 
telescope, actuated by the knob K. The displacement of the lens 
must be so accurately rectilinear that there are nosensible deviations 
in measuring. The results of the tests give, at the same time, errors 
of alignment in both the vertical and the horizontal planes of the 
optical axis. The plane parallel plate C provides for adjusting the 
optical axis of the telescope relative to the mark when taking read- 
ings. 

The deviations can be read in 0.002 in. (or 0.05 mm.) and esti- 
mated to fractional thousandths of an inch. The minimum and 
maximum distances between the target and telescope are 3.6 ft. 
(1.1 mm.), and approximately 130 ft. (40m.). The range of the 
tilting plane plate is + 0.11 in. (2.7 mm.). The accuracy of meas- 
urement, depending on one constant and one value varying with the 
target distance L, is— 


L ’ L 
+ (coms + scm ) inches or + (00 + sama) mm. 


When testing the parallelism of a pair of bearings and the depart- 
ure of the axes thereof from coincidence by mechanical methods 
such as the use of trammels, it becomes increasingly difficult to 
secure the necessary accuracy as the bearings are more widely 
separated. ; 








Sighting Telescope and Collimator. 


This system has been developed for setting up operations similar 
to those just referred to. The telescope is shown diagrammatically 
at Y,in Fig. 19. An image of the object under observation is focused 
in the place of the graticule G, by movement of the lens F,, controlled 
by the knurled knob D. When this knob is rotated up to a stop in 
the clockwise direction, the telescope is focused at infinity, and is 
used in this position for the measurement of tilt. When used with 
the collimator, an image of the collimator graticule is formed in 
the plane of G,. For observation of displacement an image of a 
scale carried by the target plug or by the collimator unit is formed 
at G, by racking the lens F forward by means of the knob D and rack 
E. The graticule G, and the superimposed images are observed by 
means of the microscope system B and C. The final image is not 
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inverted and, therefore, the apparent and real displacements of the 
object from the telescope axis are in the same direction. 


The collimator is shown diagrammatically at X in Fig. 19. A grati- 
cule G, is mounted in the focal plane of the collimator lens H. Thus 
light from each point of the graticule leaves the lens H collimated 
in a parallel beam, and the graticule is virtually at infinity. A lamp 
L is mounted behind the graticule G,, and a diffusing disc and con- 
densing lens K is provided to even up the illumination. The graticule 
G, carries a central star accurately positioned on the axis of the 
collimator, with the scale arranged symmetrically around it. Each 
small division represents an angular displacement, generally of one 
minute of are. The construction of the collimator unit is similar 
to that of the telescope, to ensure accurate coincidence of the 
mechanical and optical axes. 


The displacement d of the axes of two bearings (Fig. 20) can be 
measured independently of the tilt W, by utilising the different 
graticules G,, G,, and Gs. 


Using the telescope and collimator, no difficulty will be experi- 
enced in measuring the relative tilt of a pair of bearings to within 
one-fifth of a scale division or twelve seconds of are (one part in 
20,000). This accuracy can be maintained even with large separa- 
tions of the bearings, up to 100 ft. in still air. The maximum amount 
of tilt which can be measured is about thirty minutes of arc, while 
the extended collimator field enables an image to be picked up at 
inclinations of two degrees. 


The sensitivity of displacement measurements is a function of 
the separation of the bearings. "The magnification of the telescope 
system is 30. Assuming that the eye can resolve two lines with an 
angular separation of two minutes of arc (and a practised eye can 
do considerably better than this), then it follows that the minimum 
angle subtended at the telescope of two separate scale lines, is four 
seconds of are. Thus, the small divisions of the sighting target G, 
which are 0.02 in. apart should be apparent as separate lines, at a 
distance from the telescope of 1,000 in. or approximately 80 ft. 
Hence, it should be possible to measure lateral displacement of a 
pair of bearings to within 0.02 in. at 80 ft., and to obtain corres- 
pondingly better results at shorter distances, 


The Auto-collimator. 


To the same group of optical instruments used for similar purposes 
belongs the auto-collimator (shown in Fig. 21). With the addition 
of suitable fixtures and accessories, the straightness and wind of a 
bed, the truth of a spindle in its bearings, and the parallelism of the 
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spindle to the bed, the squareness of the important surfaces of a 
machine, and the straightness and direction of holes can all be 
ascertained with exceptional accuracy. 


The object, the image of which is observed, consists of a slit K. 
This slit, together with the system S, whereby it is illuminated, is 
mounted to one side of the telescope unit, as seen in Fig. 22. Light 
from the slit is reflected towards the telescope lens P by means of 
the reflector R set at 45 deg. to the telescope axis. The same 
effect is thus produced as if the slit were located on the axis of the 
telescope at K,, but it is not seen by an observer looking into the 
eyepiece E. The light from the slit leaves the lens P in a parallel 
beam and travels towards the mirror M, the tilt of which is being 
examined. When the plane of the mirror is at right angles to the 





Fig. 21.—Auto-collimator and reflecting mirror for straightness tests. Taylor, 
Taylor & Hobson, Ltd. 


telescope axis, the light rays are reflected along their original paths 
and, re-entering the telescope, form an image of the slit coincident 
with the slit itself. The reflector R partially reflects and partially 
transmits, and some of the light reflected back from the mirror M 
passes through R and forms an image of the slit at K,. This slit 
image is seen by an observer looking into the eyepiece. Ifthe mirror 
is not at right angles to the axis, as in the positiom m, the slit image 
is displaced from the axis to the point k. 


When the slit is effectively on the telescope axis, at K,, then the 
image formed by reflection from the inclined mirror m is formed at k. 
It is obvious that, if the prism P is rotated so that the slit is effective- 
ly at k, then the reflected image will be formed on the axis at K,, as 
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the direction in which the light is travelling can be regarded as being 
reversed. Advantage is taken of this principle in measuring the 
tilt of the mirror. Whatever the inclination about an axis normal to 
the plane of the diagram, that is parallel to the length of the slit, the 
prism P can be so rotated that the reflected image falls upon the 
telescope axis at K,. Moreover, the extent to which the prism 
must be rotated, is proportional to the tilt of the mirror. Rotation 
of the prism is effected by means of the drum D, which carries a 
scale round its periphery. The drum is rotated to bring the re- 
flected image onto the telescope axis, and the tilt of the mirror is 
then read on the scale against a fixed index mark. 
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Fig. 22.—Diagrams showing the construction of the auto-collimator and the 
method of testing a surface therewith. 


Probable Error of Measurement. 


In examining a surface for flatness by observation of the tilt of a 
carriage moved over it (see Fig. 22d, to d,), whether such observa- 
tions are made optically or by means of a sensitive level, the pro- 
bable error in the position of the last point examined is equal to the 
sum of the errors of observation in all the readings taken, since the 
results are progressively summed. Moreover, at each step the inclin- 
ation of the carriage is obtained as the difference of two settings. 
In testing for flatness a lathe bed 5 feet long, at least 12 steps are 


339 














THE INSTITUTION OF PRODUCTION ENGINEERS 


necessary, using a carriage with feet 5 inches apart. Thus, the 
probable error in the position of the last point is equal to 24 times 
the probable error of each reading. The probable error of any one 
reading is 1 part in a million, so that the last point investigated on 





Fig. 24.--Surfaces at right angles may be checked using the auto-collimator 
with a block reflector and optical square. 


the 5-ft. lathe bad is subject to a probable error of only 24 parts in a 
million. 

In ordinary use in the workshop, however, particularly for 
levelling and scraping short, medium and fairly long beds, the cheap, 
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simple and quickly-operated spirit level between 0.0004 in. and 
0.0007 in. per foot is indispensable. 


The Block Reflector. 


The block reflector seen in Fig. 23 comprises a ribbed rectangular 
casting, measuring 12 inches by 6} inches by 4} inches, with the 
long faces ground accurately straight and parallel, and having at 
one end a 3-inch diameter mirror set exactly at right angles to the 
sides. It is used for setting the auto-collimator axis in known 
relationship with any surface. In the example illustrated, the axis 
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Fig. 25.—Diagram showing how surfaces at right angles are checked with the 
auto-collimator and optical square. 


of the instrument is to be set parallel to the surface of a lathe bed. 
The block reflector and auto-collimator are placed upon the surface, 
and the auto-collimator squared up with the reflector, the tube being 
set at 90 deg. Since the block reflector mirror is square with the 
sides, the auto-collimator axis is thus set parallel to the side surface 
of the bed by rotating the auto-collimator tube to the zero posi- 
tion, and locating the block reflector against a parallel clamped to 
this side surface. 


The Optical Square. 


This apparatus, which is shown in Fig. 24 consists, essentially, 
of a pentagonal prism mounted in a ribbed cube casting, having a 
4}-inch side. The casting is machined on all sides, and two circular 
glass windows, 24 inches in diameter, are provided in adjacent 
faces. There are central tapped holes in three faces for mounting 
purposes. The unit is used in conjunction with another reflector for 
checking surfaces normally at right angles. The essential feature 
of a pentagonal prism is that it refracts a beam of light through 
a constant angle, independently of the angle at which the beam 
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strikes the prism. ‘The angle determined by this unit is 90 deg. 
within 1 second of arc. Hence, if the optical square is mounted in 
front of the auto-collimator, with one window facing the instrument 
to receive the light beam, this beam leaves the unit through the other 
window in a direction inclined to the auto-collimator axis by 90 deg. 
within 1 second of are. Fig. 24 and 25 show the optical square 
used in conjunction with the block reflector for checking the angle 
between the surfaces / and H ; these may be the guiding surfaces 
of a jig boring machine, as illustrated diagrammatically in Fig. 25. 

The block reflector is placed upon the surface H and set approx- 
imately square to the surface F by inspection. The auto-collimator 
is mounted on the same surface, or upon any other support of about 
the same height. It may often be convenient to use the angle 
attachment so that the auto-collimator may be inclined to the 
direction of measurement as indicated. The instrument is squared 
up with the block refléctor, the tube scale being set at 90 deg. 
The axis is then parallel to the surface H. The tilt reading (1) is 
noted. The block reflector is then clamped to the surface F, ap- 
proximately square with the surface H. The optical square is 
placed in line between the auto-collimator and the block reflector, 
with one window facing each. The light beam from the auto- 
collimator passes through the optical square, emerging in a direction 
inclined at exactly 90 deg. to the instrument axis. It is reflected 
from the block reflector mirror back to the auto-collimator by way 
of the optical square. The block reflector is rotated in contact with 
surface F until the slit image is symmetrically disposed about the 
dividing line of the field. The auto-collimator drum is then rotated 
to bring the image into coincidence, and the scale reading (2) is 
noted. The difference between the scale readings (1) and (2) is the 
deviation from 90 deg. of the angle between the surfaces F and H. 

The positioning of the optical square requires no special care. 
It is placed in line with the auto-collimator axis and set approximate- 
ly square with this axis by eye to ensure full illumination of the 
image. The method can be applied with equal facility, whether the 
surfaces under test are adjacent or widely separated. 


Micro-Comparator Gauges. 


Certain comparator gauges are designed to measure errors from 
0.00005-inch down to 0.00000l-inch. These so-called micro- 
comparators, are arranged for optical, electrical or pneumatic 
amplification. 

Early designs were developed in the U.S.A. by the Sheffield Gauge 
Corporation, Dayton, on optical lines and by the Pratt & Whitney 
Co., Hartford, using electrical magnification. The French Solex 
Pneumatic Micrometer makes use of compressed air. All these 
gauges are comparators. They are set up to a correct standard and 
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indicate the plus or minus deviations of the pieces to be checked. 
Reading is easy, and the instruments are fool-proof in the hands of 
unskilled labour. They offer the great advantage, moreover, of 
reducing the inspection costs, which must necessarily be kept as 
low as possible. Improvements in production methods have 
resulted in a progressive reduction of permissible tolerances. With- 
out improved inspection gauges to meet such conditions, the ul- 
timate costs of many small and medium-sized machined parts pro- 
duced in large quantities would be prohibitively high. The mag- 



































Fig. 26.—Diagram showing the principle of the Sheffield visual gauge. 


nifying gauge answers this need by reducing the cost of both inspec- 
tion and assembly. It provides laboratory accuracy for the 
inspection department at practical checking speeds. 

The Sheffield visual gauge is of the positive frictionless light 
beam type. The electric used in this operation is employed 
to produce a beam of light only. This weightless beam is used to 
project the movement of the pointer of the Reed* mechanism, as 





* The same principle was used by the slip-gauge comparator of E. M 
“den, London. 
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seen in Fig. 26 when the latter is displaced in operation. With the 
additional optical magnifications the shadow of the pointer is pro- 
jected on the gauge dial, so that the original movement imparted 
thereto is magnified 1,000 to 10,000 times. For example, gauge 


No. 1 operates with 5,000 to 1 magnification. Thus a movement of : 
0.000025-inch of the upper gauging element causes the shadow ; 


the illuminated dial to move through }-inch. 

With the magnification of 1,000 to 1 of gauge No. 3, a relative 
movement of 0.0001-inch between the gauging elements is represent- 
ed by a displacement of }-inch on the dial. The instrument is 
shown in Fig. 27. 





Fig. 27.—Sheffield visual gauge in use for checking gudgeon pins. 


The Electrolimit Gauge. 


The Electrolimit gauge, shown in Fig. 28, which is available in 
both external and internal forms, operates on the principle of the 
Wheatstone Bridge. The wiring diagram, Fig. 29, for an internal 
comparator, is self-explanatory. The rectifier allows the instrument 
to be used with alternating current. These gauges are available in a 
number of forms, including a comparator type for external measure- 
ment, an internal plug type for gauging bores and for similar 
applications, and a number of adaptions of both these types. 

The basic principle is identical in each case, involving a mechanica. 
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gauging contact combined with electrical magnification. Dis- 
placement of the gauging point due to variations in the workpiece is 
employed to unbalance a Wheatstone bridge circuit comprising four 
inductances. 





Taylor, Taylor & Hobson, Ltd. 


-Pratt & Whitney electro-limit gauges for external (/eft) and internal 
(right) measurements. 


Fig. 28. 














As shown by the sectional view, Fig. 30, two of these inductances, 
T, and 7, are carried in the electric head of the gauge. The 
gauging contact spindles actuate a spring-mounted steel armature A, 
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Fig. 30.—Sectional view of head for external electro-limit gauge 
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the slightest deflection of which unbalances the bridge circuit. The 
unbalance can be read directly as a dimension on the scale of the 
micro-ammeter of the gauge. 

Although the diagram, Fig. 30, shows the electric head for the 
external type of gauge, it is identical in principle with that for the 
other types, from which it differs in proportions only. 

With the standard internal type of gauge, a horizontal gauging 
spindle is mounted on the front of the base unit and carries the 
gauging contacts. The spindlc is slightly smaller than the minimum 
size of hole to be checked to provide clearance. There are two live 
contacts in the form of tungsten carbide strips let into the spindle 
and extending for the full length thereof. These, in conjunction 
with the diamond gauging point, provide 3-point contact between 
the spindle and the hole to be gauged. 

The gauging contact is in the form of a rounded diamond, having 
a suitable radius for the holes to be measured. The length of the 
spindle is usually three times its diameter. By employing extra 
spindles, a range of holes may be gauged with one unit, as the spindle 
can be changed in a few minutes. 

Magnification is adjustable on both internal and external types of 
gauges between 810 and 18,000, and is controlled by a knurled knob 
at the left-hand side of the base. A 43-inch or 3}-inch scale can 
be supplied with either type, and scales of both sizes are available 
with centre zero or full-scale reading. The range of magnification 





Fig. 31.—-Modified internal electro-limit gauge employed for checking cylinder 
block bores. 
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can be adjusted, so that the full-scale reading represents anything 
between 0.00025-inch and 0.004--inch. Secondary graduations can 
be provided to suit requirements. The zero adjustment is controlled 
by a knob on the right-hand side of the base. Gauges are supplied 
to work on any specified a.c. voltage up to 250. 

Initial setting of the gauges is effected in the case of the external 
type, with masters lip gauges or bars and in the case of the internal 
type, with a ring gauge of known size. An interesting modification 
of the internal type of gauge is shown in Fig 31. Here the gauging 
spindle is separate from the instrument to which it is connected by 
a flexible lead. This allows it to be applied to bores in cylinder 
blocks, for example, in a manner similar to that in which a con- 
ventional form of plug gauge is employed. The table herewith 
gives particulars of the range and magnification of these instru- 
ments. 





Range of magnification with 3}in. 

scale nas ae oe ao 
Full-scale reading with 3}in. scale. 
Range of magnification with 4$in. 


810: lL up to 13,000: 1 
0.00025 to 0.004 in. 


scale os ie ae oe 1,125: 1 up to 18,000: 1 
Full scale reading with 44in. scale. 0.00025 to 0.004 in. 
Flat surface of diamond gauging point. 1/g9 in. 


Approximate normal contact pressure. 16 oz. 











Solex Pneumatic Micrometer. 


When two apertures G and S, Fig. 32, are placed in an air line, 
supplied with air under constant pressure H, the pressure h set up 
between the two apertures depends solely on the relative value of 
the sections of these two apertures. If the aperture G, known as 
the control jet, is of fixed value, the value of the pressure h will 
vary with the aperture S. If the section of the latter is reduced, 
it will increase, and vice versa. In consequence, a simple reading 
of the pressure h on a suitably graduated gauge ensures the instan- 
taneous measurement of the section of an aperture, such as S, 
irrespective of the shape. 

From this explanation of the operating principle, it will be clear 
that the measurements are only valid provided that a constant air 
pressure H is available. 

The measuring apparatus, therefore, incorporates an accurate 
pressure regulator, or air controller, based on an original principle, 
following the lines of the hydraulic overflow. This air controller 
forms an integral part of the apparatus itself, which can thus be 
connected up to any compressed air line, or to a small electrically 
driven compressor unit. This physical principle for measuring 
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sectional areas can be applied directly to linear measurements. 
With that object in view, the outlet aperture S has a diameter 
which depends upon the particular requirements for which the 
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Fig. 32.—Diagram illustrating the principle of the oto pneumatic micrometer. 
Burton, Griffiths & Co. Ltd. 
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Fig. 33.—Diagram aoe a modified Solex pneumatic micrometer designed 
to secure greater sensitivity. 
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instrument is designed, and is of comparatively large section in 
relation to the control jet G. 

This outlet jet is integral with a bracket which, in addition, 
incorporates a reference plane F, on which the part to be measured 
is mounted. This may, for example, be a standard block, the thick- 
ness of which is to be determined. The distance between the outlet 
jet S and the reference plane F having been accurately determined, 
the distance d between the outlet jet S and the upper surface of the 
block to be measured directly or indirectly, is merely a function 
of the thickness of the latter. 

The apparatus is designed so that the distance d is very small 
relative to the diameter of the outlet jet S. Under these conditions, 
the outlet jet and the upper surface, together form an orifice, the 
section of which will vary proportionately with the distance d. By 


























Fig. 34.—-Special t for checking snap Fig. 35.—-Gauge used in conjunction 
gauges with the Kn om pneumatic micrometer. with the pneumatic micrometer for 
ch ng bores. 


measuring the section of this orifice in the manner described above, 
the distance d and, consequently, the thickness of the block, is 
determined. Fig. 33 shows the latest development, a series of 
restricting jets being employed to ensure greater sensitivity. 

To this central air controller, the various measuring appliances 
can be connected by means of a pipe. 

An adjustable gauge for measuring the distance between plane 
surfaces is shown in Fig. 34 used in conjunction with standard blocks 
to permit of exact measurement of any dimension. The members 
A and A, serve as guides, while B is the interchangeable gauge block. 
The snap gauge is indicated at C with gauging surfaces P and P,. 
The orifices through which the air escapes are at S and S,. The gauge 
shown at Fig. 35 is intended for checking a bore. The air outlets 
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are at S and S,, and U is the body of the gauge. With such a 
gauge, accuracy within 0.00004 in. (0.001 mm.), and even closer, 
is obtainable. 


Control of Work Size during Machining. 


All the above-mentioned measuring instruments, from the micro- 
meter and snap-gauge to the finest micro-indicators, are based on 
the ‘‘ passive’ method of control. The term “ passive ”’ is used 
because the workpieces are checked after being finished. 

Since any kind of manufacturing is bound up with tolerances, 
and since these tolerances are dependent on the correct use of the 
gauges in the hands of the operators, the effect of working to the 
extreme permissible limits is to endanger interchangeability. The 
consequence is that pieces which are to form a pair must be selected 
to ensure the appropriate clearances. 

It is the object of the production engineer to overcome the need 
for “ selection ” and the best solution of this problem is to be found 
in the use of * active ” methods of calibrating, whereby the cutting 
tool and the feeler of the size-control apparatus are interconnected. 

There are alternative ways in which the cutting and measuring 
actions may be combined, namely, the indirect and the direct 
methods. With the indirect method, the machining process is under 
the continuous automatic control of the measuring unit. A feeler 
touches the work surface continuously, and the machine is stopped 
when the correct dimension has been obtained. 

Automatic work-sizing on cylindrical grinding machines can be 
obtained by using the Precizer control device, shown in Fig. 36 and 
37. : 

The device incorporates the principles of the Hirth minimeter, 
in which the movement of a polished diamond tip in contact! with 
the work is indicated by a pointer moving over a scale that may be 
clearly seen by the operator. The instrument is used in conjunction 
with a photo-electric cell and a source of light, the whole being 
enclosed in a compact housing mounted on the work-table of the 
machine. The current from the photo-electric cell actuates a relay, 
and may thus be used to excite a solenoid for tripping the feed 
mechanism. 

The main body of the apparatus A, Fig. 36, comprises three 
hollow chambers, and it is carried on a pivot bearing attached to a 
bracket B adjustably mounted on the work-table of the machine. 
The illustration shows a vertical section through the central chamber 
that is the minimeter, together with a transverse section at Z. The 
finger C is pivoted to the body by means of a leaf spring D. At 
one end it carries a diamond tip Z, which makes contact with the 
workpiece, while at its other extremity it bears on the short arm 
of the indicating pointer F. The body pivots on the pin G and is 
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MACHINERY 





Fig. 36.—-Sectional views showing the construction of the Precizer autematic 
work-size controller for grinding machines. John Lund, Ltd. 





Fig. 37.—-Lund grinding machine equipped with Precizer control. 
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held back by means of a spring against the knurled adjusting screw 
H. By using this adjusting screw, the finger C may be moved to- 
wards or away from the work and the position of the indicator 
needle adjusted accordingly. When set, the body is locked to the 
bracket. As the size of the workpiece is reduced, the indicator 
pointer moves over a scale attached to the top face of the body. 
Adjustable stops are provided for limiting the movement of the 
finger C. 

The indicator pointer operator is within ihe central chamber, on 
both sides of which are additional chambers housing the light 
source and the photo-electric cell. Narrow slits K are provided 
in each of the intervening walls, which permit the light from a 12- 
volt, 24-watt lamp to fall on the cell. The slit is so placed that the 
indicator pointer can intercept the ray of light when the work- 
piece is ground to finished size. The lamp is shown at L in Fig. 1). 
and the photo-electric cell at M. When setting the device, a 


























Fig. 38.—Diagrams illustrating the operation of the Heald sizing device for 

internal & ig. A—working position of grinding wheel with diamond with- 

drawn. B—when the wheel is withdrawn the hole can be flooded with coolant 

from the rear. C and D—directions for grinding wheel traverse. A diamond 

contact point is in constant engagement with the bore. 

workpiece ground to the mean dimension is placed between the 
centres. The body member is released and set to bring the pointer 
F between the slits, after which it is locked in position again. .\ 
standard B.T.-H. photo-electric relay is mounted at the front of the 
machine, the current from which excites a solenoid controlling the 
mechanism for returning the wheel slide as soon as the light ray is 
intercepted. 

It is claimed that Precimax cylindrical grinding machines con- 
trolled by the Precizer, will reproduce workpieces to a tolerance of 
().0001-inch per inch of diameter plus 0.00005-inch per inch of length, 
with a total minimum of 0.0002-inch when using continuous in-feed. 
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The operator is assisted by a Hirth Minimeter gauge, having 
a scale graduated in divisions representing 0.0002-inch change in 
diameter of the workpiece. 

The direct method involves the maintenance of the cutting tool 





Fig. 39.—Thread grinding a milling cutter with a multi-rib wheel. Applied by 
the plunge-cut method. The work is of chrome nickel steel, hardened, and is 
2} in. in diameter by 2 in. wide. The tolerance on the pitch diameter is 0.00012 
in., on the pitch 0.0001 in. in 2in., and on the thread angle + six minutes. 













Whitworth Form 


= = 
y 
‘+Arrows Denote Path of 
Diamond over Face of Wheel 


Lateral Movement Imparted 
to Diamond by Lead-screw 
of Machine via Change Gears 


Reciprocatory Movement 

imparted to Diamond by 

suitably constructed and 
Mounted Cam 














Fig. 40.—Method of truing multi-rib thread grinding wheel. The surface speed 
of the wheel is 130 ft. per minute. Coventry Gauge and Tool Co. Ltd. 
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in such a manner that the desired accuracy and interchangeability 
are secured. 

It is significant that this system is used nowadays for the most 
difficult operations. Examples are provided by the grinding of 





Fig. 42..-On the Maag machine the gear tooth profile is generated by a plane 
surface on the grinding wheel. 

















Fig. 43..-Formed wheel for gear tooth grinding. The Gear Grinding Co. Ltd. 
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bores (Fig. 38) ; thread grinding with multi-ribbed wheel (Fig. 39 
and 40) ; thread grinding with a single-rib wheel, (Fig. 41), gear- 
profile generating with a plane surface on the grinding wheel (Fig. 
42) ; gear-grinding with a profile wheel (Fig. 43), and the grinding of 
multi-spline shafts (Fig. 44 and 45). In all these examples, the 
required result is obtained by using the diamond to true the grinding 
wheel to the correct form. This is not difficult in the case of plain 
cylindrical grinding (Fig. 38), or if the plain surface of the grindstone 
is used (Fig. 42). The difficulty increases when a combination of 
straight lines and circles make up the profile, as in the case of a 
single-rib wheel used to grind a Whitworth thread (Fig. 41). In 
the example illustrated, a pantograph is used which controls the 
path of the diamond from a templet. The templet method can be 
applied to any shape. A large-scale templet can be used in order 
that the errors in the actual wheel profile, such as that shown in 
(Fig. 43) are reduced to a minimum. 


The following table gives the tolerances on ground gears finished 
by the Orcutt process (Fig. 43) :— 





Gears upto | Gears over 
12 in. dia. 12 in. dia. 


; 
Inch | Inch 
Eccentricity aa _ ae 0.0005 | 0.001 
Shape ee ca Ke dl 0.0002 0.0005 
Pitch ae ie Sa ee 0.001 0.001 
Parallelism to width... ed: 0.0001-3 | 0.001-6 











This table shows the high degree of accuracy which is guaranteed 
by the firm in connection with their precision gear grinder. 


Multi-spline-shaft (Fig. 44 and 45), can be ground either with 
a wheel which produces the full shape (concave radius and straight 
flanks), or by employing separate wheels for the cylindrical portion 
and the plane surfaces of the flanks. 


If a single grinding disc is replaced by the multi-ribbed wheel 
for the production of threaded work, or hobs (Fig. 46), accuracy is 
assisted by the use of a wheel of relatively large diameter, which 
is generally between 8 and 14 inches. 


Profile grinding machines must be operated without steadies, 
as the shape of the work and the whole arrangement do not, as 
a rule, allow of their use. Consequently, the skill of the operator 
must be aided by the design and accurate working of the machine, 
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the alignments of which must be kept continuously under careful 
control. The final check is the accuracy of the product. 


Conclusion. 


There is a tendency nowadays to avoid the separation of machin- 
ing and measuring, and to combine the controls for the cutting tool 
or grinding wheel, with the measuring apparatus, in order to relieve 
the operator of responsibility for size. This is a very important 
development, and the result is achieved in practice by the use of a 
diamond feeler, or photo-cell, or by controlling the cutting tool 
directly from a gauge or fixed standard incorporated in the machine. 
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Fig. 46.—Diagram showing the grinding of a thread by the plunge-cut method. 

The use of a fairly large diameter wheel helps to preserve the accuracy of the form. 

Bolts made from chrome molybdenum steel normalised to 85 tons per square 

inch tensile strength, are ground to limits of + 0.0004 in. on the pitch at the 
rate of 36 per hour, floor to floor. 


The automatic guidance of the wheel in combination with its adjust- 
ment or re-sharpening, using diamonds, renders it possible to make 
the most important grinding machine automatic and capable of 
being operated by a girl after a short period of instruction. Thread 
grinding, gear grinding, spline grinding—all complicated and 
difficult operations—-are performed to-day by semi-skilled mate or 
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female operators with a degree of accuracy as regards dimensions 
and surface finish which was unheard of until recently. 

Tools and gauges, jigs and fixtures, the first sample, and single 
pieces, however, require the services of skilled operators to-day 
more than ever before. Such men can never be replaced, but in 
modern manufacturing plants precision machines, correctly set-up, 
equipped with suitable cutting tools and measuring apparatus, and 
controlled by semi-skilled or unskilled operators, suffice to ensure 
interchangeable products. An indispensable condition is the con- 
tinuous control of accuracy in the machine tool itself. 
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THE INSTITUTION OF PRODUCTION ENGINEERS 


ANNUAL REPORT FOR THE YEAR ENDED 
30 JUNE, 1940 


To be presented by the Council to the Annual General 
Meeting, London, 23 October, 1940. 


The War Work of the Institution. 


XCEPT for two months, the whole of the period covered by 
Bii- Annual Report has been dominated by war conditions 

which forced the Institution and the vast majority of its 
members to face new and grave responsibilities. As defined in its 
Memorandum of Association, the Institution has but one single 
object—“ To promote the science and practice of production 
engineering.” When war was declared, however, the Council 
decided that the only tolerable interpretation of that object in the 
circumstances was total dedication of the Institution to the task of 
helping to win the war. In so far as the normal activities of the 
Institution would assist that aim, these were to be continued, other- 
wise they were to be dropped temporarily in favour of such direct 
war work as the Institution was best fitted to undertake. 


The Council has had the full support of members for the adoption 
of a dynamic instead of a static policy on the part of the Institution 
in this time of war. A considerable proportion of the usual lecture 
meetings have been held throughout the country, but wherever 
possible papers have been encouraged on subjects such as munitions 
production, the use to be made of available labour, the training of 
unskilled workers, the development of substitute materials, and so 
on. The Institution’s social gatherings have not been interfered 
with more than was necessary. Apart from needed relaxation, 
contacts between members afford opportunities for an exchange of 
ideas about their technical problems that can be of value. But, in 
the main, normal Institution activities of peace time have given 
place to activities having a more direct bearing on war production 
problems. 


It seemed to the Council that an organisation such as ours, com- 
prising as it does a large body of production experts, would fail 
in its duty in this emergency unless every possible step was taken 
to see that the collective knowledge and experience of our members 
was used to the best advantage. 
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War Emergency Committee Established. 


For a considerable time activities with these ends in view were 
carried on through already existing Committees, but as the work 
grew it became clear that something more was needed ; a decision 
was therefore taken to set up a War Emergency Committee which 
would meet at London Headquarters regularly every week and give 
undivided attention to many questions bearing on war production. 
At the same time Local Sections throughout the country were 
invited to form Sub-Committees to co-operate with the main Com- 
mittee at Headquarters, and this many of them have done. 


The War Emergency Committee is, in effect, the Council of the 
Institution in regular weekly session, since it is composed of all mem- 
bers of Council, but the Institution is particularly indebted toMr.N.V. 
Kipping, (late President of the London Section and in-coming Chair- 
man of Council) and those associated with him, who have agreed to 
give up so much of their valuable time to this work. Between 
three and four hundred copies of the Minutes of the Committee 
have been circulated every week to members in all parts of the coun- 
try in order to keep a wide circle in close touch with its activities. 


The Guiding Principles for Institution War Work. 


As members are aware from the frequent issue of Circulars and 
special editions of The Bulletin, the War Emergency Committee 
deals with a wide range of subjects relevant to engineering produc- 
tion. It laid down four guiding principles at the outset. The first 
was that while the problem of labour was recognised as of paramount 
importance, a clear distinction must be drawn between technical 
and labour issues. The use to be made of labour is a technical 
issue, but hours and conditions of working are outside the province 
of the Institution. The second principle was that the Committee 
would present for the solution of problems submitted to it only 
practical, constructive suggestions, and would not make itself into 
a mere channel for putting forward complaints. The third principle 
was that production engineers could improve the output of muni- 
tions by co-operative measures amongst themselves, without waiting 
at every turn for a lead from official circles; and the fourth 
principle was that in their corporate capacity, through the Institut- 
ion, our members could make a contribution of definite value to the 
country’s war effort. 


Memorandum for the Production Council of the Cabinet. 


The War Emergency Committee has been in touch with several 
Government Departments, which have welcomed such assistance as 
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it has been in a position to give. Its closest contacts, however, 
have been with the Production Council of the Cabinet, mainly 
through the Capacity Committee of that body, under the Chairman- 
ship of Mr. Harold Macmillan, M.P. 


As a result of the mass of material which it had to consider, the 
War Emergency Committee came to the conclusion that certain 
fundamental factors governing national planning for production 
were not as fully appreciated as they should be throughout Ad- 
ministrative Departments. The Committee therefore prepared 
a Memorandum covering the most important points for immediate 
consideration. This was presented to the Production Council 
with a request that a deputation comprising the signatories should be 
received to discuss the matter. 


The deputation was duly received by Mr. Macmillan and Sir 
James Lithgow on behalf of the Production Council. It was headed 
by Mr. Kipping and the others who attended were Messrs. B. C. 
Jenkins, G. H. Hales, F. W. Halliwell, W. Puckey, J. D. Scaife, 
and the General Secretary, Mr. R. Hazleton. The points covered 
in the Memorandum were fully discussed for close on two hours, 
and general agreement was reached on all points of principle in- 
volved. The results were summed up in a letter from Mr. Macmillan 
to the Institution in the course of which he wrote : 


“‘ T have been very deeply interested in the memorandum which 
has been prepared by the Institution of Production Engineers, 
which I am convinced is a most valuable document. I also feel 
that our discussion yesterday was of great value indeed. It was 
perfectly frank and probably all the better for that because it 
enabled us all to appreciate precisely the objects which we have 
in view and the difficulties there are in achieving the results we 
all want to see.” 


In a later letter Mr. Macmillan wrote : 


“T have now circulated a note to all the departments with 
regard to the points raised by the members of your deputation, 
and have urged that the most serious attention should be paid 
to them. I should like to express again my appreciation of the 
valuable proposals put forward by the deputation. I think we 
may hope that as a result, definite action will be taken by the 
departments to remedy any existing weaknesses.” 


Mr. Macmillan then went on to suggest that steps should be taken 
to enlist the support of members of the Institution in making the 
Capacity Exchange work of the Area Boards a success. This matter 
is being followed up. 
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Other War Emergency Committee Activities. 


It is not considered necessary in this Report to deal at length with 
the other activities of the War Emergency Committee, many of 
which have been brought actively to the notice of members through 
various channels, especially the work on Machine Capacity Exchange 
and Surplus Small Tools. In addition to the co-operative work 
organised under those heads within the Institution, the Committee 
has actively encouraged the setting up of official machinery for 
dealing with these matters. It has kept in touch with the activi- 
ties of the Research Department and suggested to the Research 
Committee of the Institution certain new lines of investigation 
likely to be of service. It has devoted a good deal of attention to 
the working of the Central and Supplementary Registers, about 
which there have been so many unsatisfactory features, and has 
approved a series of recommendations under this head. The 
difficult question of Priority is another matter of great concern 
which has been under review. 


London Headquarters. 


The Council regrets to have to record just as this report goes to 
press that Institution Headquarters in London have had to be 
evacuated at least for a short time owing to air raid damage. This 
has involved some interruption to work, and members are asked to 
make allowance for consequent delays. Steps have been taken to 
provide provisional premises in Loughborough close to our research 
laboratory there, but every effort will be made to carry on activities 
from London also. The Institution has to thank Mr. G. H. Hales 
for kindly giving the use of the office of the George H. Hales Machine 
Tool Co. Ltd. to members of the Institution staff to enable them to 
continue their work in the emergency. 


Membership. 

The membership at the end of June, 1940, was as follows :— 
Honorary Members este oe ona ao din 2 
Ordinary Members one on as pee --- 765 
Associates ; as wat, az, ne ad 34 
Associate Members os = eae —4- 82 
Intermediate Associate Members pais ays ooo ae 
Graduates sets mea as aie wee ~~ 20 
Students ... ate 79 


Affiliates representing 94 Affiliated Firms, I less those 
already in other grades os ° ese 79 
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357 new members were added to the Register during the year, 
seven members died, two resigned and forty lapsed. The members 
whose decease has to be recorded with regret are, Mr. H. J. Copping 
(President-Elect, Eastern Counties Section), Mr. Oscar Harmer 
(Honorary Member), Messrs. H. G. Ayling, C. G. G. Braidwood, 
H. R. Crowther, F. P. Revie and R. J. Taylor. Since the 30th 
June, the deaths of Mr. W. A. Fraser and Mr. R. W. Spiller have also 
to be recorded with regret. 


Finance. 


As will be seen by reference to the accounts, the surplus of income 
over expenditure for the year was £1,050. The Institution has 
loaned this amount free of interest to the Treasury for the period of 
the war. 


Members serving in the Armed Forces of the Crown are not re- 
quired to pay their subscriptions during the war. 


Separate accounts, including a Balance Sheet, have been made out 
for the Research Department. Since, however, that Department is 
not a separate legal entity, the relevant figures relating to it are 
shown also in the main Institution accounts. 


It has been intended to launch during the year a campaign for 
funds for the Research Department, but it was felt that the war 
situation rendered such a campaign inappropriate at the present 
time. The Institution has had, however, generous financial support 
for its research from a few engineering companies, most of them 
Affiliated Firms, and the Council wishes to thank them for their 
assistance. The question of launching the campaign during the 
coming year will be considered. 


Higher National Certificate in Production Engineering. 


It is understood that as soon as arrangements can be made, the 
new Higher National Certificate in Production Engineering will 
come into operation, in spite of the war. Ordinary National 
Certificates in Mechanical Engineering which cover approved pro- 
duction subjects, are to be endorsed by the President of the Institu- 
tion of Production Engineers. 


Schedule of Reserved Occupations. 


It has been decided to add to the examinations included in the 
definition of Student Engineering Apprentice or Learner in the 
Schedule of Reserved Occupations, the words “ An Examination in 
Production Engineering approved by the Board of Education.” 
Production Engineers have also been reserved in the Schedule from 
the age of 25. 
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The Lord Austin Prize. 


The winner of the Lord Austin Prize for the highest attainments 
at the 1940 Graduateship Examination was Mr. C. Withington, 
West Bromwich. 


Proposed Associate Membership Examination. 


At the request of the Council the Joint Examination Board has 
drawn up a basis for an Associate Membership Examination. This 
is a scheme divided into two parts the one, an intermediate exam- 
ination, and the other, a final examination, the intermediate to 
occupy approximately a halfway position. The intermediate exam- 
ination is to be based on a three year course, specially directed to 
Production Engineering, the examination to qualify for Graduate- 
ship of the Institution, subject to the other conditions required for 
election. As an Ordinary National Certificate in Mechanical Engin- 
eering, covering Production subjects in the third year course, should 
not qualify for Graduateship of the Institution, a further year’s 
study in Production subjects being considered necessary. Then for 
the Final Examination, the course should cover three years, the 
Higher National Certificate in Production Engineering being taken 
at the end of the second year, and endorsements at the end of the 
third year. The Final Examination will qualify for Associate 
Membership of the Institution, subject to other conditions that may 
be required for election. Also, a Higher National Certificate in 
Production engineering, with suitable endorsements, should exempt 
from the Final examination of the Institution for Associzte Member- 


ship. 


Standardisation. 


The Standards Committee of the Institution has continued to hold 
its usual meetings throughout the past year, and members have 
attended from many different parts of the country in spite of war 
conditions. It was decided, however, to assess the relative import- 
ance of the work already in hand, so that attention might be con- 
centrated on standardisation likely to be of value during war-time. 
The British Standards Institution has given special attention to 
war emergency specifications, and the closest co-operation of our 
Committee with the Institution has been maintained. 


Annual Luncheon. 


Owing to the war, an Institution Luncheon was substituted last 
November for the usual Annual Dinner and proved a notable 
function. The chief speaker was the Minister of Supply, whose 
speech was broadcast by the B.B.C. Most of the High Commiss- 
ioners for the Dominions were present, as well as over fifty other 
distinguished guests. The attendance numbered 527. 
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Institution Staff and War Service. 

Mr. W. S. Marsden, Assistant General Secretary, is serving in the 
Royal Army Service Corps. Mr. 8. Caselton and Mr. C. Barker are 
in the Navy. 


Section Hon. Secretaries. 


Mr. H. 8. Burdett has succeeded Mr. N. A. Cullin as Hon. Secre- 
tary of the Leicester Section, Mr. R. T. Sillitoe has become Hon. 
Secretary of the Birmingham Graduate Section in place of Mr. W. A. 
Robinson, and Mr. E. G. Nunn has taken over the Hon. Secretary- 
ship of the London Graduate Section during Mr. Marsden’s absence 
in the army. 
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RESEARCH DEPARTMENT 


Report of the Executive Committee for the Year Ended 
30 June, 1940. 


’ 


HIS report covers the first full year’s working of the Research 
i Department since its establishment in January, 1939. Un- 
fortunately, two months after the commencement of the 
current year the war broke out, and the development of a new 
research enterprise such as ours has been rendered very difficult by 
the conditions that have prevailed. A campaign to raise a con- 
siderable annual revenue had been planned, but in the circum- 
stances it was not considered appropriate to proceed with this. A 
few firms in London, Manchester, Rugby, Birmingham and Sheffield 
had responded generously to a preliminary appeal. We are in- 
debted to them and to individual members of the Instutition for 
subscriptions and donations to the extent of £1,504. If conditions 
allow, an effort will be made during the coming year to extend the 
basis of the financial support from industry. 


Equipment Difficulties. 


In consequence of the war emergency it has been impossible to 
equip the laboratory adequately, particularly with machine tools. 
which have been so urgently required by industry for direct produc- 
tion requirements. The Director and his staff have had to work 
under great difficulties due to this lack of equipment. For some 
experiments the use of a heavy test lathe at the L.M.S. Works at 
Derby was kindly allowed, for which thanks are due, and equipment 
elsewhere has also been utilised. Certain essential scientific instru- 
ments designed by the Director have been made for the laboratory by 
firms in Scotland, Manchester and Sheffield. This has helped to 
meet the worst of the difficulties, but the position cannot be regarded 
as satisfactory until it becomes possible to acquire the m intmum 
amount of equipment necessary for the efficient working of the 
laboratory. 


The Executive Committee has hesitated to press for permission 
to buy much needed machines, even though a good case could be 
made out for the value to the national war effort of the research 
work for which these machines were required. At the first favour- 
able opportunity, however, the question will have to be faced. 
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Staff. 


Another problem at this stage is that of the staffing of the Depart- 
ment. Mr. Donald F. Galloway, Wh.Sc., B.Sc. was appointed Assist- 
ant Director of Research in November of last year, and four junior 
assistants in addition have been engaged. One of these was second- 
ed to the Department for some months by a large engineering firm 
interested in furthering our research work. Students at Lough- 
borough College have collaborated, and their help has been much 
appreciated but as soon as practicable the services of more trained 
research workers will be needed. 


Finance. 


The income of the Department for the year amounted to £2,961 
4s. 1ld. Included in this was a grant of £1,276 19s. 8d. from the 
Institution, made up of 80% of the subscriptions from its Affiliated 
Firms and the full amount of the interest received by it from the 
Nuffield gift. Fees for research work for private firms amounted to 
£136, and £46 4s. 3d. was received from the sale of technical publi- 
cations. No grants have been given from the Department of 
Scientific and Industrial Research. The expenditure was less than 
income by £895 14s. 2d. 


Acceptance Test Charts for Machine Tools 


Reference was made in the previous report to the fact that the 
first important task to be undertaken was the preparation of 
Acceptance Test Charts for Machine Tools, Part I of which was 
published jointly with the Institution of Mechanical Engineers in 
March, 1940. Publication followed the failure of efforts to secure 
any collaboration in the work by the Machine Tool Trades Associa- 
tion. The breakdown of attempts to reach agreement for standard- 
isation at a conference called by the British Standards Institution 
has made it clear that the M.T.T.A. is not prepared to discuss the 
question till after the war. This is not considered to be a good 
reason for holding up progress on an important research designed to 
be of service primarily to the users of machine tools, and so work on 
the preparation of Part IT is being continued. 


Accuracy in Machine Tools. 


As an outcome of the research on Machine Tool Tests and Align- 
ments, a Report has been prepared by the Director on “ Accuracy 
in Machine Tools: How to Measure and Maintain It.’ This, 
edited by the Assistant Director, will be published in the near future 
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and circulated free of charge to all members of the Institution and 
its Affiliated Firms. 


Surface Finish . 
A Preliminary Report on Surface Finish has been published. 


Much detailed research has since been carried out, the results of 


which will be embodied in a second report on the subject. The 
newly developed electric Contorograph, combined with the average- 
meter, is being used to check results. The Department is keeping 
in touch with the work being done in the United States of America 
under this head. A major objective of the research is to find a 
reliable unit of measurement of surface finish. 


Cutting Tools. 


Further research on Cutting Tools is being carried out. This will 
be facilitated by a specially designed tool dynamometer which is 
being made for the use of the Department. This instrument 
should be ready by the end of September. The British Standards 
Institution will be informed of any research results which may have 
a bearing on the standardisation of tool angles. 


Cutting Oils. 


The co-operation of the industry concerned is being invited 
for research under this head. The scope of the research will depend 
on the extent of the co-operation received, but preliminary work is 
being undertaken. In this case also special instruments for the 
work have had to be designed and manufactured, including a 
measuring dynamometer and hydraulic measuring gauges. 


Design of Taps. 


At the request of the War Emergency Committee of the Institu- 
tion the Department is carrying out an investigation into the correct 
design of tap for various materials in relation to the pitch of the 
thread and the best cutting lubricants to employ. 


Private Researches. 


A small amount of research for individual companies, contracted 
and paid for by them, has been carried out. In most cases this has 
been for Affiliated Firms. 


Thanks to Supporters. 


During the year there has been a considerable increase in the 
number of firms affiliated to the Institution, which has risen from 
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44 to 94. From the point of view of the Research Department 
this is important, since the Institution makes a grant to the Depart- 
ment of eighty per cent of the annual subscriptions received by it 
from this source. There is still scope for a great increase in the 
number of Affiliated Firms, seeing that the minimum subscription is 
only £5. 


Apart from the grant of eighty per cent of the subscriptions of 
Affiliated Firms, the Institution has transferred in full to the account 
of the Department subscriptions and contributions received for 
research during the year from the following firms : 


Sa. 8 
Austin Motor Co. Ltd. = dis . 250 0 0 
British Thompson Houston Co. Ltd. ... .. 250 0 O 
David Brown & Sons (Hudd.) Ltd. si sia 5 0 0 
English Steel Corporation, Ltd. as . we 6 6 
General Aircraft Ltd. ... pee se oss 47 10 0 
Metropolitan Vickers Electrical Co., Ltd. 250 0 0 
Mollart Engineering Co. Ltd. ... wie eee 25 5 0 
A. Partridge & Co. Ltd. ... + hon ian 16 0 0 
Standard Telephone & Cables Ltd. __... . 100 0 0 


Thanks are also due to the following members of the Institution 
who have sent contributions : 


Messrs. T. D. Abbott, E. Arnold, G. E. Bailey, J. H. 
Bingham, G. G. Coppola, K. O. Engel, 8S. L. Harnett, 
J. C. Hendra, H. J. Hill, V. A. A. Holmes, R. J. Jay, R. S. 
Lewis, W. H. Lowe, A. J. Mollart, D. J. O’Brien, W. Paddon, 
A. N. J. Pratt, H. Schofield, W. J. Smith, T. A. Stoddart, 
H. Tyson, H. Vernon, J. Vaughan, O. A. Walden, D. M. 
Watkins. ; 


In addition, it is desired to express the appreciation of the Depart- 
ment for equipment donated or loaned to the laboratory by the 
following : 


Messrs. J. E. Baty ; J. D. Scaife ; Bowen & Co. ; David Brown & 
Sons; Chas. Churchill & Co. ; Cooke, Troughton & Simms, Ltd. ; 
Firth Brown, Ltd. ; Gaston Marbaix ; Alfred Herbert, Ltd. ; Jones 


& Shipman ; John Lang, Ltd. ; Metroplitan-Vickers, Ltd. ; Steel, 
Peach & Tozer; Ltd., Taylor, Taylor & Hobson, Ltd. 
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Finally, on behalf of the Institution, the Committee has to ack- 
nowledge the obligation due to the Board of Governors of Lough- 
borough College for the continued use of the laboratory premises 
without charge, and to the Principal of the College, Dr. H. Schofield, 
and his staff, for their unfailing interest and support 














